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The Range of Automatic Spreading Activation in Word Priming 

ANNETTE M. B. DE GROOT 

University of Nijmegen 

Four unmasked-prime and three masked-prime experiments were used to investigate how 
far automatic spreading activation (ASA) spreads in semantic memory. The results from the 
unmasked-prime experiments indicated a one-step spread from the prime's representation to 
those of its direct associates. These results were inconclusive as to whether ASA spreads, in 
two steps, to representations of words indirectly related to the prime via an intervening word 
association. This inconclusiveness  was due to a possible postaccess process affecting 
unrelated pr ime- targe t  pairs and possibly also affecting indirectly related pairs. In the 
masked-prime experiments such a process was prevented. Again, one-step ASA was sup- 
ported, but the data unambiguously ruled out any further spread. Implications of this finding 
with respect to the underlying memory structure are discussed. 

It is commonly found that the prior pre- 
sentation of a word, the prime, that is as- 
sociatively related to a subsequently pre- 
sented word, the target, influences perfor- 
mance on the latter in a variety of tasks, 
e.g., lexical decision (Becker, 1979, 1980; 
Fischler & Goodman, 1978; Neely, 1976), 
word naming (Warren, 1977), Stroop color 
naming (Warren, 1974), and tachistoscopic 
recognition (Rouse & Verinis, 1962). A 
number of recent findings support the view 
that this priming phenomenon is caused by 
two types of processes. The first of these is 
said to come about automatically whenever 
a word contacts  its representa t ion  in 
semantic memory.  The activation that  
originates in the stimulated memory loca- 
tion is assumed to spread automatically 
along the paths of the memory network and 
to act ivate ,  in turn,  the word repre- 
sentations that it encounters on its way. 
Consequently, the activation levels of the 
encountered representations are temporar- 
ily increased. If a word that corresponds 
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to one of these representations is subse- 
quently presented for recognition, rela- 
tively little stimulus information suffices 
and recognition is facilitated. This view 
builds upon the assumption that word rec- 
ognition is effectuated as soon as the acti- 
vation in a memory location exceeds a cer- 
tain threshold value (Morton, 1969). The 
recognition of words represented internally 
by memory units that are encountered by 
the activation wave is thus facilitated; the 
recognition of words associated with unen- 
countered memory representations is not 
affected, either positively through facilita- 
tion, or negatively through inhibition. This 
process of automatic spreading activation 
(ASA) is said to be enacted rapidly and 
without depleting the limited resources of 
the attentional system (Neely, 1977; Posner 
& Snyder, 1975). If such a process is indeed 
responsible for the fact that the recognition 
of words associatively related to the prime 
is facilitated, the conclusion must be drawn 
that semantic memory is, at least to some 
degree, associatively structured. 

The second process that is usually con- 
sidered to cause priming effects arises from 
the attentional system that, guided by the 
recognition of the prime, anticipates the 
presentation of certain targets. Under cer- 
tain circumstances, especially when the 
probability of related prime-target pairs in 
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the set of experimental materials is high 
(Tweedy, Lapinski, & Schvaneveldt, 1977; 
Tweedy & Lapinski, 1981), the subject 
builds up general or specific expectancies 
about the target, and the attentional system 
focuses a certain amount of attention on the 
memory representation of one or more 
words that are related to the prime accord- 
ing to these expectancieS. If one of these 
words is subsequently presented, its recog- 
nition will be facilitated. However, if, for 
instance due to an unrelated prime, atten- 
tion is misdirected to the representations of 
words none of which is the actual target, 
recognition is inhibited. This attentional 
system is said to require a relatively large 
amount of time between the onsets of prime 
and target to be able to anticipate the rec- 
ognition of the latter (Neely, 1977; Posner 
& Snyder, 1975). 

Using the lexical decision technique, the 
present series of experiments tests the 
scope of ASA in memory. In particular, the 
question investigated is whether, as is as- 
sumed in the classic version of the theory 
(Collins & Loftus, 1975; Collins & Quillian, 
1969, 1970), this activation spreads not only 
to memory locations that (via a one-step 
link) are directly connected to the repre- 
sentation originally activated by the prime, 
but also to locations indirectly connected to 
it via one or more intervening word repre- 
sentation. 

That a prime can automatically facilitate 
lexical decisions to directly related targets 
is a well-attested finding. Fischler (1977) 
found that his subjects responded relatively 
quickly to the one related word pair em- 
bedded in a list of otherwise unrelated word 
pairs. An explanation of this effect in terms 
of focused attention is quite unlikely, since 
the experimental materials did not encour- 
age such a process. Neely (1977) observed 
facilitation for targets directly related to the 
prime even though the subject's attention 
was deliberately directed to memory repre- 
sentations of words other than the prime. 
Undoubtedly the most compelling evidence 
for automatic activation spreading from a 

memory unit to its closest neighbors comes 
from some recent studies in which the 
primes were briefly exposed and masked in 
such a way that they could not be con- 
sciously perceived.  These primes still 
facilitated the recognition of subsequent 
targets (Fowler, Wolford, Slade, & Tassi- 
nary, 1981; Marcel, in press). In contrast to 
the fact that evidence is available favoring 
the notion of one-step ASA (a step being a 
link between two immediately neighboring 
memory representations), to our knowledge 
no experiments have been run that investi- 
gate whether automatic activation spreads, 
via more than one link, between repre- 
sentations of indirectly related words. 

In the experiments below, multiple-step 
ASA will be tested with targets (e.g., milk) 
that are indirectly related to the prime (bull) 
via a single intervening and not overtly pre- 
sented word (cow). We may expect any 
facilitation for these targets to be smaller 
than that obtained for targets directly re- 
lated to the prime, since ASA is commonly 
assumed to decline gradually while moving 
further away from the memory representa- 
tion at which it started. 

These indirect ly  related word pairs 
(bull-milk) were combinations of the first 
and third words from three-word associa- 
tion chains. That is, the second word was a 
word association to the first and the third 
was a word association to the second. The 
third word (presently the target) was never 
allowed to occur as a word association to 
the first word (presently the prime) in the 
association norms. This was done to avoid 
the possibility that any facilitatory effect of 
the prime on target recognition could have 
been caused by activation spreading across 
just  a single link between immediately 
neighboring locations. At the same time, 
this restriction put upon the selected mate- 
rials safeguarded against the possibility that 
the attention mechanism described above 
could produce the effect by focusing atten- 
tion directly on the target's memory repre- 
sentation prior to itspresentation. The lat- 
ter process was also rendered unlikely by 
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choosing a stimulus onset  asynchrony 
(SOA) between prime and target of only 240 
milliseconds. Neely (1977) has argued that 
this SOA is too short for attentional focus- 
ing to occur. It is even more unlikely that, 
with the current SOA, attention could have 
been focused on the target's memory loca- 
tion prior to its occurrence via a chain of 
several internally generated links between 
prime and target (for instance, from bull to 
cow and from cow to milk).  All in all, we 
may state that any facilitatory effect for 
targets indirectly related to the prime ob- 
tained in the experiments reported here 
must be attributed to multiple-step ASA in 
semantic memory .  

Pairs of words that are connected via an 
intervening word will be called "mediator 
pairs"; the intervening, mediating word will 
be referred to as the "mediator,"  and the 
phenomenon of priming via a mediator will 
be called "mediated priming." 

To test multiple-step ASA, seven ex- 
periments were run. In four of these (Ex- 
periments 1 through 4) the prime was pre- 
sented long enough to be read by all sub- 
jects. In three experiments (Experiments 5 
through 7) the prime was presented for a 
considerably shorter period and was fol- 
lowed by a masking stimulus to prevent its 
conscious perception. These two groups of 
experiments will be called the unmasked- 
prime and the masked-prime experiments, 
respectively. In all experiments the SOA 
between prime and target was held constant 
at 240 milliseconds. 

UNMASKED-PRIME EXPERIMENTS 

Four experiments were run in which the 
prime was presented long enough to be read 
by all subjects. In Experiment 1, apart from 
unrelated prime-target  pairs and pairs in 
which the target followed a neutral prime, 
both directly related and mediated pr ime-  
target pairs were included in the set of 
materials. In Experiment 2 the same ma- 
terials were used as in Experiment 1, ex- 
cept that the directly related pairs were re- 
moved from the set. In Experiments 1 and 2 

the subjects were not informed about the 
presence and the nature of the mediator 
pairs prior to the experiment. In Experi- 
ment 3 the materials of Experiment 2 were 
presented to the subjects, who were now 
told about the indirect relationship between 
the words in the mediator pairs. Experi- 
ment 4 replicates Experiment 3 with a new 
set of materials. 

Materials  

The positive materials of Experiment 1 
consisted of four groups of 30 prime-target 
pairs each: one group of mediator pairs, one 
of directly related prime-target pairs, one 
of unrelated prime-target pairs, and one in 
which the target followed a neutral prime. 
The latter groups of pr ime-target  pairs 
constituted the neutral condition against 
which the effects of the nonneutral primes 
could be assessed. 

The mediator pairs were selected from 
Dutch association norms (de Groot, 1980). 
They are shown in Appendix A. The primes 
of these pairs had served as stimulus words 
in the norms, and the mediators were given 
to them as primary or secondary responses. 
The mediators had also served as stimulus 
words in the norms. The targets of the 
mediator pairs were given as primary or 
secondary responses to the mediators, but 
never occurred as responses to the primes. 
The mean association frequency of the 
mediators to the primes was 47.0% with a 
standard error of 3.6. The mean association 
frequency of the targets to the mediators 
was 24.3% with a standard error of 2.3. 

Two preparatory experiments were run 
on the mediator pairs. In the first of these, 
the pairs were presented to 30 subjects, 
who were asked to fill in the "missing 
word" in each pair. Across pairs, the mean 
percentage of subjects who filled in the 
mediator that was selected from the norms 
was 90; the corresponding standard error 
was 1.7. We took this result to indicate that, 
in the case of an associatively structured 
semantic memory, the representations of 
the selected mediators would form strong 
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links between the representations of the 
corresponding primes and targets. The sec- 
ond preparatory study was split into two 
parts. In the first part we investigated 
whether, relative to a neutral condition, the 
first words in the mediator pairs facilitated 
lexical decisions to the mediators when the 
latter were overtly presented as targets. In 
the second part we investigated whether the 
mediators ,  when presented overt ly as 
primes, facilitated lexical decisions to the 
second words in the mediator pairs. Only if 
both of these direct priming effects could be 
shown would it make sense to proceed with 
our investigation of indirect priming via an 
implicit mediator. In both parts of the study 
different groups of subjects were used. The 
presentation durations of prime and target 
and the interval between them were the 
same as used in Experiments 1 through 4. 
In both parts reliable facilitatory effects of 
the related primes were obtained. 

The primes and targets within the group 
of directly related prime-target  pairs to be 
used in Experiment 1 were also selected 
from the above association norms. In the 
norms the primes had served as stimulus 
words and the targets were given to them as 
primary, secondary, or (in one case) ter- 
tiary responses. The mean association fre- 
quency of the targets to the primes was 
34.9% with a standard error of 3.6. The 
primes within the g roup  of unre la ted  
prime-target  pairs of Experiment 1 also 
occurred as stimulus words in the norms, 
but the targets were never given as re- 
sponses to them. The Dutch equivalent of 
the word blank (blanco) was chosen as 
prime in all 30 neutral prime-target pairs of 
Experiment 1. This neutral prime was pre- 
ferred to a row of X's that has been used by 
a number of investigators (Becker, 1980; 
Neely,  1976, 1977), since some recent 
studies (Antos, 1979; de Groot, Thomas- 
sen, & Hudson,  1982) provide evidence 
of artifactual inhibition resulting from the 
latter. All primes in the three nonneutral 
conditions and the implicit mediators in the 
mediator pairs were nouns. Within each of 
the four groups of positive prime-target  

pairs 16 of the targets were nouns, 8 were 
verb infinitives (with the typical format of 
Dutch infinitives: -en endings), and 6 were 
adjectives. Across the four positive condi- 
tions the targets were balanced on language 
frequency, length, and number of syllables. 

Apart from the 120 positive prime-target 
pairs, 120 negative pairs were included in 
the set of materials to be used in Experi- 
ment 1. All targets in the negative pairs 
were pseudowords, but were orthographi- 
cally permissible Dutch letter sequences. 
They were derived from nouns, verb infini- 
tives, and adjectives (different from those 
used in the positive materials) by adding, 
deleting, or changing one or two letters. 
The primes in 90 of these pairs were nouns. 
The remaining 30 negative pairs had the 
word blank as prime. In this, as well as in 
all fur ther  exper iments ,  the negat ive 
p r ime- ta rge t  pairs will be regarded as 
fillers. 

The materials used in Experiments 2 and 
3 were the same as those of Experiment 1, 
except that the 30 directly related positive 
pairs and 30 of the nonneutral negative 
pairs were removed from the set. 

Apart from the test pairs, 58 practice 
pairs were included in the set of materials of 
Experiment 1 and 88 practice pairs were in- 
cluded in the sets of Experiments 2 and 3. 
Among the practice materials all types of 
prime-target pairs appeared in the same 
proportion as among the test materials, 
with the exception that in Experiments 1 
and 2 no mediator pairs occurred in the 
practice set. 

The positive materials presented in Ex- 
periment 4 consisted of three groups of 21 
p r ime- ta rge t  pairs each: one group of 
mediator pairs, one of unrelated pairs, and 
one of neutral p r ime- t a rge t  pairs. All 
mediator pairs are presented in Appendix 
B. According to the association norms (de 
Groot, 1980), the mean association fre- 
quency of the mediators to the primes in the 
mediator pairs was 64.5%; the correspond- 
ing standard error was 2.9. All mediators 
were nouns and primary associates to their 
primes. The mean association frequency of 
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the targets to the mediators was 5.3% with a 
standard error of 1.6. Like the primes in the 
mediator pairs, the primes in the unrelated 
prime-target pairs were stimulus words in 
the association norms that had a strong 
primary word association, which, of course, 
did not appear as target in the present ex- 
periment. All primes in the mediator and 
unrelated pairs were nouns. In the group 
of neutral pr ime- target  pairs the prime 
was always the word blank. All targets in 
the three groups of positive prime-target  
pairs were infinitives. Across the three 
groups of positive prime-target  pairs, the 
targets were equated on language frequen- 
cy, length, and number of syllables. 

Apart from the 63 positive pairs in Ex- 
periment 4, 63 negative pairs were in- 
cluded, 42 noun-pseudoword pairs and 21 
blank-pseudoword pairs. All pseudowords 
were orthographically permissible letter se- 
quences in Dutch and had the appearance 
of Dutch infinitives (-en endings). Further- 
more, a practice set was composed con- 
sisting of 58 prime-target pairs. In this set 
all pair types appeared in the same propor- 
tion as in the test set. 

Subjects and Apparatus 

Students of the University of Nijmegen 
participated as subjects; there were 17, 18, 
18, and 21 in Experiments 1, 2, 3, and 4, 
respectively. They were paid for their par- 
ticipation. 

In all four experiments the subjects were 
tested in a group experiment room that al- 
lowed independent  individual sessions 
under control of a multiprogramming com- 
puter system. Stimuli were presented in 
uppercase (white on grey) on individual TV 
monitors under program control. Individual 
stimulus presentation, response time (RT) 
recording, and feedback were performed by 
a program called LEXSYS (Hudson,  
Maarse, & Bouwhuisen, Note 1). 

Procedure 

The subjects of Experiments 1 through 
4 were tested in groups of one to four in 
normally lit individual booths. They were 

first instructed by the experimenter and 
were then given further instructions on 
their screens. In the instruction, the sub- 
jects were told that pairs of letter strings 
were going to be presented on the screen, 
one string after the other, and that they had 
to decide, as quickly and as accurately as 
possible, whether the second string of each 
pair was a Dutch word. They were also told 
that the first string would be either the word 
blank or any other word, and they were 
asked neither to respond overtly to this 
string, nor to ignore it. If the second string 
was a word they were to press, with their 
right forefinger, the positive response key 
on the right-hand side of the keyboard in 
front of them. If this string was not a word 
they were to press the negative response 
key on the left-hand side of the keyboard 
with their left forefinger. Prior to the ap- 
pearance of every first letter string of a pair, 
the prime, a fixation star appeared for one 
second, slightly above and to the left of the 
place at which the prime would appear. The 
star was immediate ly  replaced by the 
prime, which remained on the screen for 
200 milliseconds. The prime offset-target 
onset interval was 40 milliseconds so that 
the total SOA was 240 milliseconds. The 
second string, the target, appeared in the 
same position as had the prime in Experi- 
ment 1, slightly below the position where 
the prime had been in Experiments 2, 3, and 
4. It remained on the screen until the sub- 
ject pressed one of the two response keys. 
Latencies and error rates were recorded 
on-line. After every trial one of the words 
correct, slow, or wrong appeared. Slow oc- 
curred whenever a response was correct 
but exceeded a preset  900-millisecond 
deadline. When the subject failed to re- 
spond within 2400 milliseconds from target 
onset, the message "too late" was shown 
and an error was recorded. When a subject 
had made three errors, the following mes- 
sage was displayed: "You are making too 
many errors; you have made three up to 
now." This message was repeated and up- 
dated with every other new error. The 
p r i m e - t a r g e t  pairs were presented in 
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blocks of 30 in Experiments 1, 2, and 3 and 
in blocks of 21 in Experiment 4. Since the 
numbers of practice trials were not multi- 
ples of 30 (in Experiments 1, 2, and 3) or 21 
(in Experiment 4), one of the blocks of 
practice trials in all four experiments con- 
tained fewer prime-target  pairs. After each 
block the mean RT and the number of er- 
rors for that block were presented on the 
screen. After a forced rest of minimally 10 
seconds, the subject initiated the presenta- 
tion of a new block by pressing one of the 
response keys. 

In Experiments 1 and 2 no mention was 
made about the presence of related (Ex- 
periment 1) and mediator (Experiments 1 
and 2) prime-target  pairs before the end of 
the experiment. In Experiments 3 and 4 the 
subjects were informed about the presence 
and nature of the mediator pairs prior to the 
experiment. 

RESULTS AND DISCUSSION 

The mean latencies and error rates for all 
types of positive prime-target pairs in Ex- 
periments 1, 2, 3, and 4 are shown in Table 
1. For each subject in all four unmasked- 
prime experiments the mean RT of correct 
responses within each of the positive prime 
type conditions (related, mediated, neutral, 
and unrelated in Experiment 1; mediated, 
neutral, and unrelated in Experiments 2, 3, 
and 4) was calculated and was treated as 
a single score in an analysis of variance. In 
these subject analyses, prime type was con- 
sidered as a within-subjects factor. Fur- 
thermore, for each of the unmasked-prime 

experiments the mean latencies to all word 
targets (correct responses only) collapsed 
across subjects were calculated and were 
treated as single scores in an analysis of 
variance on items. In these item analyses, 
prime type was considered as a between- 
items variable. 

Experiment 1 

In this experiment the effect of prime 
type was significant on both the subject and 
the item analysis, Fs(3,48) = 10.69, p < .01; 
Fi(3,116) = 5.42, p < .01. Min F '  (Clark, 
1973) combining the F values from both 
analyses was also significant, min F '  (3,162) 
= 3.60, p < .05. A post hoc N e w m a n -  
Keuls test was performed on the difference 
scores from the subject analysis. It showed 
that the differences between the related 
pairs on the one hand, and the mediator 
pairs (24 milliseconds), unrelated pairs (43 
milliseconds), and neutral pairs (26 milli- 
seconds) on the other, were all significant 
at the 1-percent level; the 19 millisecond 
inhibition for unrelated pairs relative to 
mediator pairs and the 17 millisecond in- 
hibition for unrelated pairs relative to neu- 
tral pairs were both significant at the 5- 
percent level. The RTs to mediator and neu- 
tral pairs were approximately the same, p > 
.10. A Newman-Keuls  test performed on 
the difference scores from the item analysis 
showed fewer differences to be statistically 
reliable: the difference between related and 
unrelated pairs was significant at the 1-per- 
cent level; the differences between the re- 
lated and mediator pairs and between the 

TABLE 1 
MEAN RESPONSE TIME (IN MILLISECONDS) AND, IN PARENTHESES, ERROR RATE (IN PERCENTAGES) OF 

TARGETS IN ALL TYPES OF POSITIVE PRIME--TARGET PAIRS IN EXPERIMENTS l THROUGH 7 

Experiment Related Mediated Neutral Unrelated 

Unmasked prime 1 494(1.0) 518(2.4) 520(3.5) 537(7.5) 
2 - -  550(2.2) 543(3.7) 568(4.4) 
3 - -  541(1.9) 554(4.1) 573(6.5) 
4 - -  565(3.2) 584(4.1) 600(6.1) 

Masked prime 5 502(0.8) - -  533(2.1) 526(2.9) 
6 498(2.4) - -  528(2.6) 520(6.0) 
7 - -  528(2.6) 529(4.8) 526(4.2) 
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related and neutral pairs were significant at 
the 5-percent level. The differences between 
the unrelated pairs on the one hand, and the 
mediator and neutral pairs on the other, 
were not significant, p > .  10. 

The facilitation of related pairs compared 
to neutral pairs supports the notion of one- 
step ASA in semantic memory. With re- 
spect to the question of multiple-step ASA 
the data are not clear-cut. If we compare 
the RT to targets in the mediator and neu- 
tral conditions it seems most parsimonious 
to conclude that ASA does not extend be- 
yond the memory representations that most 
closely neighbor on the representations at 
which the activation orginated. However,  
the presence of inhibition for unrelated 
targets, although only statistically reliable 
on the subject analysis, suggests a second 
interpretation, namely that the cause of in- 
hibition for unrelated targets also operated 
on the targets in the mediator pairs, thereby 
canceling a facilitatory effect of multiple- 
step ASA for these pairs. 

The present SOA makes it quite unlikely 
that the inhibition observed for unrelated 
targets was caused by the attentional sys- 
tem misdirecting attention towards memory 
representations of words, none of which was 
subsequent ly  presented  as target. How- 
ever, the current prime duration (200 mil- 
liseconds) does allow a totally different, 
postaccess inhibitory process, proposed by 
de Groot et al. (1982), to affect decision 
times to unrelated targets. This process in- 
volves a tendency of the subjects to always 
look for a meaningful relationship between 
word prime and word target after both have 
been recognized as words,  and possibly 
after the translation of a word classification 
of the target into a yes response has been 
made in the subjects' mind, but before they 
notify this classification by pressing the ap- 
propriate button. We suggested that this 
tendency is caused by an implicit assump- 
tion in fluent readers that the relationship 
between words and the context in which 
they appear is always meaningful. When the 
subjects encounter  meaningless material 
they may simply do what readers normally 

do when they lose track, namely reprocess 
the material until it makes sense. We as- 
sumed that only prime-target combinations 
involving two meanings are subjected to this 
strategy. Since the word blank presumably 
loses its meaning through a process of sa- 
tiation, it is probably not affected. Simi- 
larly, pairs that have a pseudoword as target 
to which, by definition, no meaning is at- 
tached, are most likely not affected either. 
Although the search for meaningfulness will 
inhibit responding to all nonneutral pairs, it 
will be especially inhibitory to unrelated 
prime-target pairs, since no relationship will 
be discovered to stop the search. Presum- 
ably some deadline will have to be ex- 
ceeded before the subject attends again to 
the actual task, lexical decision. In the case 
of a related pair a relationship will soon be 
found and the search can be stopped, re- 
sulting in a net positive effect of the present 
inhibitory process and the facilitation ob- 
tained from one-step ASA. With respect to 
the search for meaningfulness, the mediator 
pairs may behave like unrelated pairs: none 
of the targets in the mediator  pairs ap- 
peared as a word association to the prime 
in the norms. Also, as will be seen in Ex- 
periment 2, the indirect relationship within 
these pairs is not obvious to the subjects 
until after it has been explained to them. 
Nevertheless, no inhibition was obtained for 
these pairs. Therefore, it may have been 
overruled by a facilitatory effect of some 
other process, possibly multiple-step ASA 
in semantic memory. This possibility was 
tested in Experiments 2 through 4. 

The above inhibitory strategy may also 
provide an explanation for the inhibition 
that was found in some recent  studies 
(Antos, 1979; Fischler & Bloom, 1980; 
Myers & Lorch, 1980) in which SOAs as 
short as 200 milliseconds were used. 

Experiment 2 

In this experiment the materials of Ex- 
periment 1 were uSed, except that the di- 
rectly related pr ime-target  pairs and an 
equal number of noun-pseudoword pairs 
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were removed from the set. In all other re- 
spects Experiments 1 and 2 were the same. 
It was assumed that the removal of directly 
related pairs would diminish the above 
postaccess search for meaningfulness.  
However, ASA should continue to exert its 
effect, unobscured by processes operating 
in an opposite direction. If the inhibitory 
search for meaningfulness and facilitatory 
multiple-step ASA cancelled each other's 
effect on the mediator pairs in Experiment 
1, a net facilitatory effect on these pairs 
should show in Experiment 2. 

When the subjects had finished the ex- 
periment, they were shown a list of the 30 
mediator pairs, and were asked to discover 
in what way the words within these pairs 
could be connected to one another. They 
were told that the type of connection was 
the same for all these pairs. 

As can be seen from Table 1, the elimi- 
nation of directly related pairs hardly af- 
fected the overall response pattern. Again, 
mediated targets were not processed more 
quickly, but even slightly slower than the 
targets in the neutral condition. The ef- 
fect of prime type was only significant on 
the subject analysis, Fs(2,34) = 11.38, p < 
.01; Fi(2,87) = 2.01, p > .10. A New- 
man-Keuls  test performed on the differ- 
ence scores from the subject analysis  
showed that  both the neutral  and the 
mediator pairs were responded to signifi- 
cantly faster than the unrelated pairs, p < 
.01, in both cases. The 7-millisecond differ- 
ence between the neutral and the mediator 
pairs was not significant. When the sub- 
jects, after finishing the experiment, were 
shown the list of mediator pairs, none of 
them gave even the slightest hint of noticing 
that the words within these pairs could be 
connected via an intermediate word asso- 
ciation. Many of them, however, reported 
to sense a feeling of "weirdness" with these 
word pairs, as if "something was wrong." 
When informed, they all immediately rec- 
ognized the relationship. 

The results of Experiment 2 replicated 

those of Experiment 1: first, the subjects 
were generally inhibited by the presence of 
an unrelated prime, although not all unre- 
lated targets were responded to more slowly 
than targets in the neutral pairs; second, 
mediated targets and targets in the neutral 
condition were responded to about equally 
quickly. The first result indicates that the 
above postaccess inhibitory process cannot 
be controlled by the subjects, but is invol- 
untary (cf. de Groot et al., 1982). 

Since we did not succeed in removing the 
cause of inhibition for unrelated targets, 
that is, the presently assumed postaccess 
search for meaningfulness, we had to face 
the possibility once more that it acted upon 
mediated targets as well as upon unrelated 
targets, and that it canceled an effect of 
multiple-step ASA for these pairs. 

The following two experiments were 
meant to speed up the postaccess process 
for mediator pairs, thereby diminishing its 
inhibitory effect on these pairs, and, con- 
sequently, revealing a net effect of mul- 
tiple-step ASA. 

Experiment 3 

In this experiment the subjects were pre- 
sented with the materials of Experiment 2 
(except that some of the practice trials con- 
sisted of mediator pairs), but this time they 
were informed about the nature of the 
mediator pairs prior to the experiment: they 
were told that, when both prime and target 
were words, these would sometimes be in- 
directly related to one another via a word 
association to the prime. An example of 
such a mediator pair was provided during 
the instructions. The subjects were also 
told that RTs were measured starting from 
target onset, and that they probably would 
not have sufficient time to generate word 
associations to the prime before the targe t 
appeared. Nevertheless they should try to 
profit from this indirect relationship. It was 
assumed that this instruction would assist 
the subjects in relating the primes and 
targets of the mediator pairs, so that the 
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inhibitory search for meaningfulness could 
terminate relatively quickly and a net effect 
of multiple-step ASA might be observed. 

The effect of prime type (see Table 1) was 
statistically reliable, F~(2,34) = 17.00, p < 
.01; Fi(2,87) = 4.73,p < .05; minF '  (2,118) 
= 3.70, p < .05. The Newman-Keuls  test 
performed on the subject analysis showed 
that the differences between unrelated tar- 
gets on the one hand and mediated (32 mil- 
lisecond) and neutral targets (19 millisec- 
ond) on the other were significant at the 
1-percent level, and that the difference be- 
tween mediated and neutral targets (13 mil- 
lisecond) was significant at the 5-percent 
level. However, according to the Newman- 
Keuls test on the item analysis, only the 
difference between mediated and unrelated 
targets was significant, p < .01. 

Although the mean RT to mediated 
targets was 13 milliseconds shorter than 
that to targets in the neutral condition, the 
item analysis showed that this effect was 
due to relatively fast processing of only a 
subset of the mediated targets. Neverthe- 
less, the difference between neutral and 
mediated targets in the direction predicted 
by multiple-step ASA and the generaliz- 
ability of this effect to subjects prompted us 
to replicate this experiment with a totally 
different set of materials. 

Experiment 4 

Appendix A shows that the mediator 
pairs used in Experiments 1, 2, and 3 were 
not very homogeneous. Some consisted of 
words with conflicting meanings (fork-to 
cut), others of words with seemingly unre- 
lated meanings (tap-sea), and still others 
of words carrying meanings that seem fit- 
ting (writer-to read). Furthermore, the 
positive targets consisted of nouns, adjec- 
tives, and infinitives. A different, less het- 
erogeneous, set of materials was created to 
be used in Experiment 4. All targets in this 
set were infinitives. To ensure that the 
subjects would succeed in detecting most of 
the mediators when informed about their 

presence in a number of pairs, mediator 
pairs were chosen such that the mediator 
was a very strong primary word association 
to the prime. This procedure was followed 
at the cost of the association frequency of 
the target to the mediator. According to the 
association norms, the latter was fairly low 
in most cases. Further characteristics of the 
present set of materials are provided in the 
Materials section above. 

The effect of prime type (see Table 1) was 
reliable both in the subject analysis and in 
the item analysis, F~(2,40) = 9.39, p < .01; 
Fi(2,60) = 3.16, p < .05. Min F '  was only 
marginally significant, min F '  (2,91) = 2.37, 
.05 < p < .10. A Newman-Keuls  test car- 

r ied out on the difference scores from the 
subject analysis showed that the 35 milli- 
second difference between the mediated and 
the unrelated targets was significant, p < 
.01. The differences between the neutral 
targets on the one hand, and the mediated 
(19 millisecond) and unrelated targets (16 
millisecond) on the other, were also reli- 
able, p < .05, in both cases. In the item 
analysis only the difference between me- 
diated and unrelated targets was signifi- 
cant, p < .05. The results of this experi- 
ment replicated those of Experiment 3. The 
use of the more homogeneous set of mate- 
rials did not have the effect that mediated 
targets were generally processed more 
quickly than targets in the neutral condi- 
tion. 

In Experiments 1 through 4 only weak 
evidence was collected to support the no- 
tion of multiple-step ASA in semantic 
memory. In Experiments 1 and 2 no differ- 
ence was obtained between RTs to targets in 
the neutral and the mediated conditions. In 
Experiments 3 and 4, in which the subjects 
were informed about the mediated relation, 
some but not all of the mediated targets 
showed an effect, producing an overall 
facilitation of 13 milliseconds in Experi- 
ment 3 and 19 milliseconds in Experiment 
4. If these effects indicated multiple-step 
ASA, the conclusion must be drawn that 
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this process has very little impact on word 
recognition. 

MASKED-PRIME EXPERIMENTS 

Since Experiments 1 through 4 were not 
conclusive with respect  to multiple-step 
ASA, three further experiments were run in 
which a totally different procedure was 
used. A number of recent studies (Fowler et 
al., 1981; Marcel, in press) have shown 
facilitation of lexical decision to targets 
following related but pat tern-masked 
primes. In these experiments the mask fol- 
lowed the prime at a detection level SOA. 
That is, for each subject, the SOA between 
prime and mask was determined at which 
the subject  no longer performed signifi- 
cantly above chance level when judging 
whether or not a word had preceded the 
pattern mask. In Experiments 5 through 7 
a similar masking technique is used. We ex- 
pected that the postaccess process that was 
thought to cause the inhibition for unrelated 
targets, and that was possibly responsible 
for the lack of facilitation for mediated tar- 
gets in Experiments 1 through 4, cannot op- 
erate when the prime passes unrecognized: 
it is only possible to set off a search for 
meaningful relations if the meanings of both 
prime and target have entered conscious- 
ness. Therefore,  the masking technique 
provides an excellent opportunity to inves- 
tigate the question of mediated priming. If, 
given a successful ly masked prime, me- 
diated targets would again be responded to 
as quickly as are targets in the neutral con- 
dition, this result can no longer be consid- 
ered to be caused by two opposing pro- 
cesses. Experiments 5 and 6 investigate the 
effect of masked primes on lexical deci- 
sions to directly related targets. The di- 
rectly related prime-target pairs in Exper- 
iment 5 are the prime-mediator combina- 
tions of the mediator pairs in Experiment 
4. Those in Experiment 6 are the mediator- 
target combinations of Experiment 4. If, as 
in the studies of Fowler et al. and of Marcel, 
the related targets do show facilitation, this 
result would most likely indicate one-step 

ASA in semantic memory. As such, Ex- 
periments 5 and 6 serve to prepare Exper- 
iment 7, in which the notion of multiple- 
step ASA will be tested using the mediator 
pairs of Experiment 4. As in Experiments 
5 and 6, the prime is also masked in Ex- 
periment 7. If a word automatically primes 
a second word, and this second word au- 
tomatically primes a third word, multiple- 
step ASA in semantic memory  predicts 
priming of  the third word by the first. 
Therefore, according to this theory, if in 
both Experiments 5 and 6 facilitation oc- 
curs in the related condition, the mediated 
targets in Experiment 7 should also be fa- 
cilitated. If, however, the related targets in 
either Experiment 5 or 6 do not show fa- 
cilitation, it would not make sense to con- 
tinue our investigation of multiple-step ASA 
with the mediator  materials of Experi- 
ment 4. 

Materials 

The test materials of Experiment 5 con- 
sis ted of  63 pos i t ive  and 63 negat ive 
pr ime- ta rge t  pairs. The positive set in- 
cluded 21 related pairs, 21 unrelated pairs, 
and 21 pairs with the word blank as prime 
and a word as target. The negative set in- 
cluded 42 word-pseudoword  pairs and 21 
pairs with the word blank as prime and a 
pseudoword  as target. The primes and 
targets in the related pairs were the primes 
and mediators of the mediation condition in 
Experiment 4. New targets were chosen for 
the unrelated and neutral conditions, and 
these were paired with the old primes. 
Since all mediators in Experiment 4 were 
nouns, only nouns were chosen as targets in 
these conditions. Across the three positive 
conditions the targets were balanced on 
language frequency, length, and number of 
syllables. All pseudowords were derived 
from nouns (different from those used in the 
positive materials) by changing, adding, or 
deleting one or two letters. 

The test materials presented in Experi- 
ment 6 were the same as those used in Ex- 
periment 4, except that all mediator pairs 
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(e.g., butcher-to fry) were replaced by 
pairs with the same target, but with the 
mediator as prime (meat-to fry). 

The test materials of Experiment 7 were 
the same as those used in Experiment 4. 

The tes t  sess ions  of E x p e r i m e n t s  5 
through 7 were preceded by a practice ses- 
sion in which 86 pr ime- target  pairs were 
presented. Among the practice materials all 
pr ime- target  pairs occurred in about the 
same proportion as among the test mate- 
rials. 

Subjects and Apparatus 

Again, s tudents  of the Univers i ty  of 
Nijmegen participated as subjects, with 18, 
20, and 18 in Experiments 5, 6, and 7, re- 
spectively. They were paid for their partici- 
pation. The apparatus was the same as that 
used in Experiments 1 through 4. 

Procedure 

A trial started with the presentation, for 
one second, of a fixation star slightly above 
and to the left of the place at which the 
prime would appear. The star disappeared 
and was immedia te ly  r ep laced  by the 
prime, which remained on the screen for 20 
milliseconds. This duration of prime pre- 
sentation was the shortest we could manage 
with our TV screen. As will be seen, it was 
above recognition threshold for about half 
of the subjects on a number of trials. The 
prime was replaced by a masking signal that 
remained  on the screen  for  200 milli- 
seconds. It consisted of three rows of ran- 
dom letters extending the width of the 
screen. The second row appeared at the 
same height as the prime. After the mask 
had d i sappeared ,  the sc reen  remained  
empty for 20 milliseconds before the target 
appeared. Therefore, as in Experiments 1 
through 4, the total SOA was again 240 mil- 
liseconds (20 + 200 + 20). Prime and target 
appeared at the same place on the screen. 
The subjects were told the exact buildup of 
a trial (word or blank-band of random let- 
t e r s -word  ofpseudoword).  They were also 
told that they probably would not be able to 

read the prime, but would, at best, perceive 
it as a flash, since its presentation duration 
would be very short. Nothing was said 
about the relationship between prime and 
target  on a number  of  trials.  In the 
unmasked-prime experiments the subjects 
had been asked not to ignore the prime. In 
the present masked-prime experiments they 
were encouraged to pay all their attention 
to the target. After all pr ime-target  pairs 
had been presented,  the subjects were 
asked whether they had been able to read 
the prime. The materials were presented in 
blocks of 21 pr ime- target  pairs. Since the 
number of practice trials was not a multiple 
of 21, one of the blocks in the practice ses- 
sion contained fewer p r ime-  target pairs. In 
all other respects the procedure was the 
same as described before. 

RESULTS AND DISCUSSION 

Table 1 shows the mean latencies and 
error rates for all types of positive p r ime-  
target pairs in Experiments 5 through 7. For 
each subject in all three masked-prime ex- 
periments the mean RT of correct responses 
within each of the positive prime type con- 
ditions (related, neutral, and unrelated in 
Experiments 5 and 6, and mediated, neu- 
tral, and unrelated in Experiment 7) was 
calculated and treated as a single score in an 
analysis of variance. In these subject analy- 
ses prime type was considered as a within- 
subjects factor. Furthermore, for each of 
Experiments 5, 6, and 7 the mean latencies 
to all word targets (correct responses only) 
collapsed across subjects were calculated 
and treated as single scores in an analysis of 
variance on items. In these item analyses 
prime type was considered as a between- 
items variable. 

When asked, following the test sessions, 
whether they had been able to read the 
prime, exactly half the subjects in Experi- 
ments 5 and 7 reported that they had never 
been able to do so and the other half stated 
that they had occasionally read it. In Ex- 
periment 6, nine subjects had never read 
the prime and 11 had sometimes read it. 
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Apart from the above analyses, for each of 
the masked-prime experiments a second 
subject analysis was performed, with prime 
type as a within-subjects factor and group 
(the subjects who had never read the prime 
vs those who had sometimes read it) as a 
between-subjects variable. The two groups 
will be called the subthreshold and su- 
prathreshold groups, respectively. To ob- 
tain equal numbers for both groups, the 
data from two suprathreshold subjects in 
Experiment 6 were randomly deleted. These 
additional analyses were performed to see 
whether the ability or inability to read the 
prime had any systematic effect on task 
performance. 

Experiment 5 

In both analyses that did not include 
group as a factor, the effect of prime type 
was significant, F~(2,34) = 12.62, p < .01; 
Fi(2,60) = 5.30, p < .01; min F '  (2,92) = 
3 .73 ,p<  .05. Newman-Keuls  tests carried 
out on the means of the subject and the item 
analyses (see Table 1) showed that the 31 
millisecond difference between the mean 
RTs to targets in the neutral and related con- 
ditions was significant, p < .01 on both 
analyses. Also, the 24 millisecond differ- 
ence between the mean RTs to related and 
unrelated targets was significant, p < .01, 
on the subject analysis, and p < .05, on the 
item analysis. The 7 millisecond difference 
between the targets in the neutral and un- 
related conditions was not reliable, p > . 10 
in both cases. The finding that targets in 
the neutral and unrelated conditions were 
now responded to about equally fast indi- 

cated that, by masking the prime, we had 
removed the cause of inhibition that was 
present in Experiments 1 through 4. 

In the subject analysis which included 
group as a factor, both the main effects of 
group, Fs(1,16) = 5.63, p < .05, and of 
prime type, Fs(2,32) = 13.05,p < .01, were 
statistically reliable. The mean RT of the 
suprathreshold group was shorter than that 
of the subthreshold group (501 milliseconds 
and 540 milliseconds, respectively). The 
interaction between group and prime type 
was insignificant, Fs(2,32) = 1.58, p > . 10. 
The interaction data are presented in Table 
2. Although the interaction between group 
and prime type was not reliable, and no firm 
conclusions can be drawn from it, it is of 
interest to mention one aspect of this in- 
teraction that will also appear in the follow- 
ing experiment: the facilitatory effect of a 
related prime was twice as large for the su- 
prathreshold group (43 milliseconds) as for 
the subthreshold group (20 milliseconds). 
As can be seen from Table 2, for both 
groups the unrelated pairs were processed 
more quickly than the neutral pairs; in other 
words, the inhibitory effect of an unrelated 
prime was negative in both groups. This 
finding is important, since it indicates that 
the facilitation for related targets in both 
groups has to be attributed solely to auto- 
matic processes (Posner & Snyder, 1975). 

The combination of findings that, first, in 
both groups of subjects related targets were 
facilitated, and that, second, unrelated 
targets were not inhibited, justifies the con- 
clusion that the observed facilitation was 
caused by automatic processing, for in- 

TABLE 2 
MEAN RESPONSE TIME (IN MILLISECONDS) ANDs IN PARENTHESES~ ERROR RATE (IN 

PERCENTAGES) FOR BOTH GROUPS OF SUBJECTS IN THE MASKED-PRIME EXPERIMENTS 

Group Experiment Related Mediated Neutral Unrelated 

Subthreshold 5 528(0.5) - -  548(1.6) 545(2.1) 
6 527(3.7) - -  546(2.6) 532(3.7) 
7 - -  553(1.6) 542(4.2) 551(4.2) 

Suprathreshold 5 476(1.1) - -  519(2.6) 508(3.7) 
6 467( I. 6) - -  505(3.2) 502(6.9) 
7 - -  502(3.7) 517(5.3) 501(4.2) 
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stance by (one-step) ASA in semantic 
memory. 

Experiment 6 

In all respects this experiment was the 
same as Experiment 5, except that other 
materials  were used.  Ins tead  of  the 
pr ime-  mediator pairs, the mediator-  target 
pairs of Experiment 4 were used as directly 
related prime-target  pairs. The unrelated 
and neutral positive prime-target pairs as 
well as all negative pairs were the same as 
those used in Experiment 4. 

In the two analyses that did not include 
group as a factor, the effect of prime type 
was significant, F~(2,38) = 8.56, p < .01; 
Fi(2,60) = 3.18, p < .05. Min F'  was only 
marginally significant, rain F '  (2,92) = 2.32, 
p = .10. A Newman-Keuls  test performed 
on the difference scores from the subject 
analysis showed that  both the 30 mil- 
lisecond difference between directly related 
and neutral pairs and the 22 millisecond 
difference between related and unrelated 
pairs (see Table 1) were significant at the 
one percent level. A second N e w m a n -  
Keuls test on the means of the item analy- 
sis showed both differences to be only mar- 
ginally significant, .05 < p < .  i0. 

In the subject analysis that included the 
variable group, the main effect of group was 
marginally significant, F~(1,16) -- 4.15, .05 
< p < . 10. The effect of prime type was 
significant, Fs(2,32) = 6.70, p < .01. As in 
Experiment 5, the overall mean RT of the 
suprathreshold group was shorter than that 
of the subthreshold group (491 milliseconds 
and 535 milliseconds, respectively). The 
interaction between group and prime type 
was insignificant, Fs(2,32) = 1.84, p > . 10. 
The interaction data are shown in Table 2. 
Again, the facilitatory effect of a related 
prime was twice as large for the su- 
prathreshold group (38 milliseconds) as for 
the subthreshold group (19 milliseconds), 
and the inhibitory effect was negative for 
both groups ( -3  milliseconds and -14 mil- 
liseconds, respectively). 

Since the analysis that included the vari- 
able group produced very similar results for 

Experiments 5 and 6, the combined data of 
these experiments were submitted to an 
analysis of variance, including the factors 
group, prime type, and experiment (5 and 
6). With more subjects, a significant in- 
teraction between group and prime type 
could arise. In this analysis, the main effect 
of experiment was not significant, F < 1. 
The main effects of group and prime type 
were both reliable, in order, Fs(1,32)= 
9.38, p < .01; Fs(2,64) = 18.30, p < .01. 
The interaction between the variables group 
and prime type was marginally significant, 
Fs(2,64) = 2.98, .05 < p < .10, indicating 
that the suprathreshold groups tend to profit 
more from the presence of a related prime 
than the subthreshold group. No other in- 
teractions were significant. 

Overall, the results of Experiment 6 were 
similar, although slightly less reliable, than 
those of Experiment 5. Again, for both 
groups of subjects, targets directly related 
to the primes were facilitated, whereas 
targets unrelated to their primes were not 
inhibited. The combined results of Experi- 
ments 5 and 6 allowed us to proceed with 
our investigation of multiple-step ASA in 
Experiment 7. 

Experiment 7 

The set of materials used in this experi- 
ment was the same as that used in Experi- 
ment 4. On the basis of the results of Ex- 
periments 5 and 6, the notion of multiple- 
step ASA predicts that the subjects in this 
experiment will generally show facilitation 
on the mediated targets, indirectly related 
to the primes via an implicit word associa- 
tion. Due to decay of activation (Collins & 
Loftus, 1975), this effect may be smaller 
than the approximately 30 millisecond 
facilitation that was obtained for directly 
related targets in Experiments 5 and 6. 
Also, in view of the marginality of the direct 
facilitation for related targets on the item 
analysis in Experiment 6, we expected this 
remaining indirect facilitation to be unreli- 
able on the item analysis. 

Table 1 shows that the overall mean RTs 
for the targets in the positive conditions 
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were very similar. Unlike the directly re- 
lated targets in Experiments 5 and 6, the 
mediated targets were not facilitated. In 
both the analyses (across subjects and 
items) that did not include the variable 
group, the effect of prime type was insig- 
nificant, F < 1, in both cases. 

In the subject analysis with group as a 
factor, the main effect of group was mar- 
ginally significant, F~(1,16) = 3.62, .05 < p 
< .  10. As in Experiments 5 and 6, the over- 
all mean RT for the suprathreshold group 
was shorter than that for the subthreshold 
group (507 mil l iseconds and 548 mil- 
liseconds, respectively). The main effect of 
prime type was insignificant, F < 1. The 
interaction between group and prime type 
was marginally significant, F~(2,32) = 2.50, 
.05 < p < . 10. The interaction data are pre- 
sented in Table 2. In the suprathreshold 
group the mean RT for the neutral condition 
was longer than that for the remaining two 
conditions, whereas in the subthreshold 
group it was shorter. Consequently, the 
facilitatory and inhibitory effects were re- 
versed between the groups. It is not clear 
why the neutral condition is treated differ- 
ently in the two groups. However, with re- 
spect to our concern with multiple-step 
ASA, the finding that mediated targets were 
not processed more quickly than unrelated 
targets in either group of subjects is more 
important. It strongly suggests that the ac- 
tivation originating at the prime's memory 
representation stops after having reached 
the representations of words directly re- 
lated to the prime. 

SUMMARY AND GENERAL DISCUSSION 

In the unmasked-prime studies little evi- 
dence was collected to support the notion 
of multiple-step ASA in semantic memory. 
Only in Experiments 3 and 4 was a small 
(approximately 15 milliseconds) facilita- 
tion, insignificant on the item analysis, ob- 
tained for mediated targets. 

The most consistent finding in Experi- 
ments 1 through 4 was an inhibition for un- 
related targets that was, in all cases, only 

reliable on the subject analysis. The short 
interval between prime onset and target 
onset seems to defy an interpretation of this 
effect in terms of attention focused on a set 
of memory representations other than that 
of the target before it is recognized (Neely, 
1977). Instead, this effect was attributed to 
a postaccess tendency of the subjects to try 
to relate the meanings of words presented 
in pairs. Since the relationship between the 
words within mediator pairs is not immedi- 
ately obvious to the subjects, the possibility 
was considered that this search for mean- 
ingfulness had negatively affected the lexi- 
cal decisions to mediated targets as well as 
those to unrelated targets, thereby over- 
ruling, in Experiment 1, a possible facilita- 
tory effect of multiple-step ASA in semantic 
memory. In order to reveal facilitation for 
mediated targets, we tried to remove or re- 
duce this hypothetical inhibitory search for 
meaningfulness by deleting the directly re- 
lated pairs from the set of materials in Ex- 
periment 2. This manipulation did not pro- 
duce any change in the data, and the con- 
clusion was drawn that the search cannot 
easily be controlled. In Experiments 3 and 4 
we tried to diminish its inhibitory effect on 
the mediator pairs by speeding up the 
search whenever such a pair was encoun- 
tered by the subjects. This manipulation did 
indeed produce a small but unreliable 
facilitation for targets in the mediator pairs. 
All in all, Experiments 1 through 4 were not 
conclusive with respect to multiple-step 
ASA. Therefore, three additional experi- 
ments were run in which the prime was 
masked to prevent its being consciously 
perceived, and, consequently, to preclude 
the postaccess search for meaningfulness. 
In Experiments 5 and 6 one-step ASA was 
tested on direct associates of masked 
primes. These experiments also served to 
prepare Experiment 7, in which multiple- 
step ASA was tested on targets indirectly 
related to masked primes. Although the 
mask was not totally effective, the overall 
response pattern in Experiments 5 and 6 
supported one-step ASA by showing 
facilitation for related targets. However, on 
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the basis of the results of Experiment 7, the 
multiple-step version of the theory had to 
be rejected. 

Since the data obtained with masked 
primes seem not to be contaminated by 
p roces se s  o ther  than ASA,  it is most  
parsimonious to take the overall data to indi- 
cate that the spread of activation in seman- 
tic memory stops after having reached the 
most closely neighboring memory locations 
of the originally activated representation. 
With the acceptance of this interpretation, 
new explanations are required for the null 
effect of mediated targets in Experiments 1 
and 2 and for the small and unreliable 
facilitation of these targets in Experiments 
3 and 4. To start with the latter, an alterna- 
tive interpretation of the relatively short RT 
to mediated targets is suggested by the 
mean RTs in Table 1. As can be seen, the 
subjects  in Exper iments  3 and 4 were 
slowed down overall compared to those in 
the remaining experiments (except Experi- 
ment 2). This may have been caused by the 
additional task set to the subjects, namely 
trying to profit from the presence of a 
mediator on some trials. Due to an occa- 
sional quick detection of the mediator, the 
overall delay may have affected mediated 
targets relatively little. The equivalence of 
RTs to mediated targets and targets in the 
neutral condition in Experiments 1 and 2 
was interpreted in terms of opposing effects 
on mediated targets of facilitatory mul- 
tiple-step ASA and the inhibitory post- 
access search for meaningfulness. If the 
first of these processes has not operated on 
mediated targets, we must draw the conclu- 
sion that the second has not affected them, 
although the unrelated-targets data lead us 
to uphold the notion of the pos taccess  
search. Consequently, it must be concluded 
that the subjects, although they cannot ver- 
balize how prime and target in the mediator 
pairs are related (Experiment 2), still rec- 
ognize some relationship between them. 
This explains why they sensed a feeling of 
"weirdness" with these pairs. The recog- 
nition comes about  extremely quickly, 

since the targets should otherwise have 
shown inhibition. 

There is one aspect  of the unrelated- 
targets data in Experiments 1 through 4 that 
still needs to be explained: why are they, 
on the item analysis, not responded to sig- 
nificantly slower than targets in the neutral 
condition? This result may simply be due 
to the fact that the item analyses, with dif- 
ferent targets in all conditions, are less sen- 
sitive than the subject analyses in detecting 
reliable differences between conditions. Al- 
ternatively,  the pos taccess  search for 
meaningfulness may occasionally succeed, 
very rapidly, in relating the meanings of 
words that we have operationally defined 
as unrelated, for instance by building sen- 
tences around them. 

The present interpretation of the data de- 
pends on the assumption that the neutral 
condi t ion provides  a proper  basel ine 
against which the effects in the nonneutral 
conditions can be assessed. As pointed out 
by Fischler and Bloom (1980) and others, 
"the assessment of facilitation and inhibi- 
tion will be accurate only if this neutral 
condition controls for factors unrelated to 
the content of prime and test (target) that 
may affect response latency. The two fac- 
tors of greatest concern are the altering 
properties of the prime and the processing 
demands of the prime" (Fischler & Bloom, 
1980, pp. 218-219) .  Indeed ,  we have 
s h o w n  (de Groot  et al., 1982) that the 
alerting properties are not the same for dif- 
ferent types of neutral primes: RTs to targets 
following the blank prime are shorter than 
those following a row of X's, indicating that 
the blank prime alerts the subjects to a rel- 
atively high level. But even then the alert- 
ing effect of the repeated blank prime may 
be smaller than that of a nonneutral prime, 
that is only presented once and is therefore 
less "boring." Consequently, the latencies 
observed in the neutral condition may be 
systematically overestimated. On the other 
hand, the processing demands of the re- 
peated neutral prime are presumably less 
than those of  nonneutral  primes. This 
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should result in a systematic underestima- 
tion of the latencies in the neutral condi- 
tion. Furthermore, in a recent paper (de 
Groot, Note 2) data are reported which 
support the view that the alerting properties 
and processing demands of neutral primes 
vary with the SOA between prime and 
target (see also Posner  & Boles,  1971) 
which was presently held constant at 240 
milliseconds, and with the proportion of 
related pr ime- ta rge t  pairs in the set of 
materials. All in all, we have no guarantee 
that a proper neutral condition will ever be 
achieved. 

If we had only the unmasked-prime data 
at our disposal, the above considerations 
would suggest an interpretation different 
from the present rejection of multiple-step 
ASA: if we consider the neut ra l -pr ime 
data as meaningless, and accept the unre- 
lated pairs as neutral condition instead, the 
remaining data could be taken to mean that 
both directly and indirectly related targets 
benefit from ASA, but that more processing 
time is required to generate the activation 
for the indirect ly related targets.  The 
masked-prime studies, however, in which 
indirectly related and unrelated targets 
have equal RTs,  defy this interpretation. 

The finding that a prime does automati- 
cally facilitate the recognition of directly 
related words, whereas it does not facilitate 
the recognition of indirectly related words, 
constitutes a serious attack on the theory of 
ASA. Furthermore,  it may have conse- 
quences for the memory  structure that 
needs to be assumed to explain such a re- 
stricted spread of activation. The spreading 
activation theory departs from the assump- 
tion that the internal representations of di- 
rectly related words are separate but con- 
nected memory units, which together form 
a closely interlinked structure (Collins & 
Loftus, 1975). According to this view, the 
facilitation for words directly related to the 
prime is the result of activation spreading 
between neighboring representations. Since 
the activation starting from the prime's 
memory location presumably spreads si- 

multaneously to the representations of sev- 
eral prime-related words, the activation ar- 
riving at the location of the directly related 
target will be smaller than that departing 
from the original activation source. Also, 
the amount of  activation that arrives at 
neighboring locations will be lessened due 
to decay of activation. Therefore, the ab- 
sence of facilitation of a word indirectly re- 
lated to the prime may simply indicate that 
a minimum amount of activation is required 
in a memory location if it is to spread 
further, and that this amount is not present 
in the representation of the directly related 
word, the mediator. 

Alternatively, we may take the lack of 
any facilitation for mediated targets as an 
indication that, after having encountered 
the directly related representations, there is 
nothing more for the activation wave to 
spread to. For instance, the representation 
of shepherd sends off activation to that of 
sheep, to which it is connected, but not to 
that of wool, because there is no pathway 
to follow between the locations for sheep 
and wool. It is obvious that this picture is 
not complete, since sheep does prime wool, 
and, consequently, there must be a direct 
connect ion be tween  their memory  loca- 
tions somewhere. A solution to this problem 
is the assumption of  multiple storage of 
words in two qualitatively different types 
of memory representations that we will call 
"core  representat ions" and "peripheral  
representations." Going back to the above 
example, the core representation of shep- 
herd has in its immediate surroundings a 
peripheral representation of sheep and pe- 
ripheral representations of a number of other 
directly related words. The activation of 
these peripheral representations depends 
upon the activation of the corresponding 
core representation. There probably exist 
peripheral representations of sheep in con- 
nection with core representat ions of a 
number of other words to which sheep is 
an associate. Apart from being stored in a 
number of peripheral representations, the 
word sheep itself has a core representation 
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in semantic memory. A peripheral repre- 
sentation of wool as well as a number of 
other peripheral representations are linked 
up with this core representation. If the word 
shepherd is presented, its core representa- 
tion is accessed, and activation is sent off 
to its peripheral representations, including 
that of sheep. If the word sheep is subse- 
quently presented as target, this activated 
peripheral  representa t ion is rapidly ac- 
cessed and recognition is facilitated. Prob- 
ably, the target sheep also contacts its core 
representation independent of the prior ac- 
cess of the core representation of shepherd. 
The fact that facilitation is observed for tar- 
gets preceded by directly related primes in- 
dicates that the access of the preactivated 
peripheral representation is faster than the 
access of the core representation. If  the 
presentation of sheep is not preceded by a 
related word, only its unprimed core rep- 
resentation is accessed, and responding is 
relatively slow. It is necessary to assume 
that not only the core representation, but 
also the peripheral representations, contain 
information about the graphic (and presum- 
ably the phonetic) properties of the corre- 
sponding word, since otherwise it is hard 
to see how the latter are accessed by the 
primed target. 

The idea of multiple storage in relation to 
spreading activation is not new. Conrad 
(1972) rejects the single storage of "prop- 
erties" (e.g., can fly and has wings are 
properties of, for instance, sparrow) pos- 
tulated in Quillian's original model, and 
Collins and Loftus (1975) argue that the 
single-storage concept ion  of  Quillian's 
model is based on a misinterpretation. The 
present multiple-storage conception does 
not assume a closely interlinked memory 
network. Instead, it assumes a memory 
consisting of disconnected macrounits that 
contain a core representation of a word and 
a number of peripheral representations di- 
rectly connected to the core, but not inter- 
linked among themselves .  Presumably,  
one-step ASA does not take place between 
different macrounits, but within any such 

unit from its core to its peripheral repre- 
sentations. It is not yet clear which periph- 
eral representations are linked up with the 
core. Possibly the core representation of a 
word has connections to peripheral repre- 
sentations of all words to which it has be- 
come, for whatever reason, very strongly 
associated in the past. For instance, the 
core representation of the word foal has a 
peripheral representation of horse since this 
word is part of the definition of foal. 

Whereas automatic priming of directly 
related targets may take place within single 
macrounits from the core representation to 
the peripheral representations, the postac- 
cess search for meaningfulness that was 
suggested in this paper presumably takes 
place between different macrounits after 
both their core representations have been 
accessed independently. Since we have as- 
sumed that the macrounits are not mutually 
connected, the postaccess search cannot 
proceed along existing pathways, but gen- 
erates the relationship ad hoc. 

A final issue that deserves some attention 
is the relationship between the subjects' 
ability to read the prime, the overall RT, 
and the size of the facilitatory effect of a 
related prime in the masked-prime studies. 
In all these studies the suprathreshold 
group was about 40 milliseconds faster 
overall than the subthreshold group. Fur- 
thermore, the suprathreshold groups tended 
to profit more from the presence of a direct- 
ly related prime than did the subthreshold 
groups. According to Fowler et al. (1981) 
and Marcel (in press), the effect of a pattern 
mask is to prevent conscious perception 
of a prime after the graphic and phonetic 
properties of a word have been uncon- 
sciously perceived. Apparently, the prime 
duration of 20 milliseconds prior to the 
occurrence of the mask is sufficient for 
the suprathresbold subjects to perceive the 
prime at both levels of perception. Presum- 
ably, they are relatively quick at visually 
analyzing the prime. This will contribute to 
the difference in speed between the two 
groups of subjects. The finding that the su- 
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prathreshold subjects tend to show more 
facilitation for directly related targets than 
the subthreshold subjects may indicate 
that, in terms of the above memory struc- 
ture, they possess stronger or more acces- 
sible links between the core representations 
and their peripheral representations. The 
strength of these links and the consequent 
size of facilitation, as well as the speed at 
which visual features are extracted from the 

prime, may depend upon the frequency 
with which the subject has encountered the 
prime in written material. Since the differ- 
ences between groups of subjects are based 
upon post hoc analyses of the data, it seems 
as yet premature to enter further into the 
relationship between reading proficiency 
and the ability to read the masked prime. 
However,  this relationship is interesting 
enough to deserve further study. 

APPENDIX A:  MEDIATED WORD PAIRS (EXPERIMENTS 1, 2, AND 3) 

Dutch English 
af ~ pr ime-  af mediator-  

Prime Mediator Target Prime Mediator Target mediator target 

(1) aambeeld (hamer) spijker anvil (hammer) nail 41 28 
(2) bek (mond) lip beak (mouth) lip 45 19 
(3) herder (schaap) wol shepherd (sheep) wool 75 26 
(4) kraan (water) zee tap (water) sea 62 16 
(5) pastoor (kerk) toren priest (church) tower 31 20 
(6) rapport (cijfer) getal report (mark) number 42 23 
(7) snoer (draad) naald string (thread) needle 21 33 
(8) stier (koe) melk bull (cow) milk 51 44 
(9) woestijn (zand) strand desert (sand) beach 44 19 

(10) klant (koning) keizer b customer (king) emperor 33 15 
(11) duif (vrede) oorlog dove (peace) war 24 44 
(12) hel (hemel) aarde hell (heaven) earth 30 18 
(13) hemd (broek) riem vest (trousers) belt 23 13 
(14) kluif (bond) kat bone (dog) cat 53 48 
(15) web (spin) insekt web (spider) insect 86 9 
(16) veter (schoen) voet shoelace (shoe) foot 94 9 
(17) deksel (pan) koken lid (pan) to cook 55 23 
(18) schrijver (boek) lezen writer (book) to read 39 45 
(19) steel (bezem) vegen stick (broom) to sweep 32 32 
(20) aap (noot) kraken monkey (nut) to crack 30 14 
(21) nest (vogel) vliegen nest (bird) to fly 63 22 
(22) vork (mes) snijden fork (knife) to cut 51 19 
(23) bakker (brood) eten baker (bread) to eat 72 26 
(24) kip (haan) kraaien chicken (cock) to crow 28 13 
(25) hooi (gras) groen hay (grass) green 30 55 
(26) kapstok Gas) koud haU-stand (coat) cold 74 12 
(27) wolk (regen) nat cloud (rain) wet 28 22 
(28) dag (nacht) donker day (night) dark 60 38 
(29) dal (berg) hoog valley (mountain) high 38 13 
(30) maan (zon) warm moon (sun) warm 54 11 

~f 46.97 24.30 

a af = Association frequency in percentages. 
b Dutch phrase: The customer is king (the customer is always right). 
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Dutch English 
af ~1~ p r ime-  

Prime Mediator Target Prime Mediator Target mediator 
af media tor-  

target 

(1) antwoord (vraag) stellen answer (question) to pose 79 
(2) bakker (brood) smeren baker (bread) to spread 72 
(3) slager (vlees) braden butcher (meat) to fry 79 
(4) kraan (water) zwemmen tap (water) to swim 62 
(5) kluif (bond) blaffen bone (dog) to bark 53 
(6) snavel (vogel) vliegen beak (bird) to fly 53 
(7) vaas (bloem) plukken vase (flower) to pick 85 
(8) veulen (paard) rijden foal (horse) to ride 64 
(9) veter (schoen) poetsen shoelace (shoe) to polish 94 

(10) tijger (leeuw) brullen tiger (lion) to roar 41 
(11) dag (nacht) slapen day (night) to sleep 60 
(12) klink (deur) sluiten latch (door) to close 75 
(13) maan (zon) branden moon (sun) to burn 54 
(14) venster (raam) wassen window (window) to clean 58 
(15) merg (been) lopen marrow (bone) to walk 54 
(16) kapstok 0as) aandoen hall-stand (coat) to put on 74 
(17) pijl (boog) spannen arrow (bow) to bend 66 
(18) donder (bliksem) flitsen thunder (lightning) to flash 52 
(19) vork (mes) snijden fork (knife) to cut 51 
(20) kalf (koe) loeien calf (cow) to moo 74 
(21) deksel (pan) koken lid (pan) to cook 55 

64.52 

0 
0 
1 

11 
3 

22 
0 
5 
2 
3 
4 
1 
0 
0 
9 
2 
5 
0 

19 
1 

23 
5.29 

(1) af = Association frequency in percentages. 
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